Background: The musculoskeletal disorders in working population represent one of the most worrying workrelated health issues at the present time and although the very great majority of available data on the subject focus on musculoskeletal disorders defined by anatomical site, a growing number of studies indicate the low prevalence of disorders strictly confined to a specific anatomical site. The objective of this study was to describe the prevalence and characteristics of multisite musculoskeletal symptoms (multisite MS) in a large French working population. Methods: This study was performed on surveillance data of the cross-sectional survey (2002)(2003)(2004)(2005) conducted by a network of occupational physicians in the working population of the Loire Valley region (from 20 to 59 years old). Data concerning MS were collected in the waiting room of the occupational physicians by means of the selfadministrated standardized NORDIC questionnaire. Results: The study population comprised 3,710 workers (2,162 men (58%) and 1,548 women (42%)) with a mean age of 38.4 years (standard deviation: 10.4 years). The prevalence of MS during the past 12 months was 83.8% with 95% confidence interval of [82.8-85.3] for men and 83. 9% [82.0-85.7] for women. The prevalence of subacute MS (lasting at least 30 days) over the past 12 months was 32.8% [30.9-34.8] for men and 37.3% [34.9-39.7] for women. Two-thirds of workers reported MS in more than one anatomical site and about 20% reported MS lasting at least 30 days in more than one anatomical site. The anatomical sites most frequently associated with other MS were the upper back, hip, elbow and neck. The majority of these multisite MS were widespread, involving at least two of the three anatomical regions (upper limb, axial region and lower limb). Conclusions: The frequency and extent of multisite MS reported by workers are considerable. Further research must be conducted in this field in order to provide a better understanding of the characteristics and determinants of these multisite MS.
Background
All over the world, musculoskeletal disorders (MSDs) are responsible for considerable human, social and work-related burdens in terms of pain, distress at work, disability and quality of life. This major health issue has been recognized by the United Nations and the World Health Organization, which approved The Bone and Joint Decade 2000-2010 [1] . MSDs in working population are the leading cause of morbidity and work disability in the European Union [2, 3] and represent one of the most worrying work-related health issues at the present time. According to Eurostat [4] , the Statistical Office of the European Communities, MSDs are the most widespread and most costly work-related health problem in Europe, affecting about 45 million workers. A better understanding of the mechanisms responsible for the onset and progression of these disorders constitutes a major public health challenge in order to improve the prevention, management and prognosis of these disorders. For many years, research has therefore been largely devoted to risk factors and prognostic factors of MSDs demonstrating, regardless of the site studied, an increased risk related to cumulative biomechanical, psychosocial and organizational stresses.
The very great majority of the available data (descriptive, aetiological and prognostic) focus on MSDs defined by anatomical site. Recent studies support a more global approach to musculoskeletal disorders analysing the extent of musculoskeletal symptoms (MS) and especially the number of symptomatic anatomical sites rather than a particular site, either in the general population [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] or in the working population [18] [19] [20] [21] [22] [23] [24] . The results of these studies indicate the moderate prevalence of symptoms strictly confined to a specific anatomical site (estimated prevalence of 15 to 30% depending on the study) and the predominance of multisite MS (prevalence in the general population about 1/3 and 2/3 in the working population).
This characterization of MS based on the number of symptomatic sites regardless of the anatomical sites appears to be particularly suitable to study widespread pain according the American College of Rheumatology definition (WSP) [25, 26] . However, this appears to be insufficient to describe less widespread multisite MS, as Picavet et al. clearly described that although involvement of several sites in the same region was very common, involvement of several sites located in distinct regions was also common [15] . It would be reasonable to suppose that when four anatomical sites are affected, the pathophysiology and prognosis may vary according to their regional distribution (symptoms affecting a single anatomical region or extending to more than one region). Croft challenged the conventional approach to MS defined by anatomical site by proposing a new and more relevant definition taking into account the extent of MS by region [27] .
Although several teams have started to describe the profiles of these multisite MS [15, 16, 20, 24] or 2-by-2 combinations corresponding to these multisite MS [18, 19, 21, 24, [28] [29] [30] [31] , very few studies on multisite MS and their corresponding profiles have been published. Many of these studies were also conducted on very specific populations [18, 20, 23, 24, 32, 33] and/or small sample sizes [18, 20, 23, 24, 32] .
The objective of this study, based on surveillance data in a large regional workforce, was to describe the prevalence and characteristics of multisite MS in a large population of workers.
Methods

Study design and population
The study was based on surveillance data collected by a network of occupational physicians (OPs) in the working population of the Loire Valley region (Central West France) [34] . The Pays de la Loire study was approved by both appropriate national committees : the Comité consultatif sur le traitement de l'information en matière de recherché dans le domaine de la santé (CCTIRS n°01-215) and the Commission nationale de l'informatique et des libertés (CNIL n°901 273).
The economic structure of this region (5% of the French working population) is diversified and similar to that of most French regions [35] .
All French workers, including temporary and parttime workers, undergo a mandatory annual health examination by an OP in charge of the medical surveillance of a group of companies. Eighty-three OPs out of 460 (18% participation), representative of the region's OPs, participated in the study. Each OP was trained by the investigators to randomly include workers undergoing a mandatory regularly-scheduled health examination between April 2002 and April 2005. The inclusion process followed a two-stage sampling procedure: first, the research team chose 15-45 half-days of scheduled examinations for each OP. Next, using random sampling tables, each OP selected 1 out of 10 workers from the schedule on the half-days of worker examinations considered. Among the regularly-scheduled health examination which had thus been selected (approximately 2.2% of the workers under surveillance by the 83 OPs), fewer than 10% of the selected workers were excluded (no shows, refusals, already included).
Data
Data analysed in this article were collected by a questionnaire filled in by the workers during their annual visit. In particular, this questionnaire collected information on sociodemographic characteristics and on the presence and sites of MS. The presence and sites of MS were documented by a French version of the NORDIC questionnaire [36] including a mannequin with the anatomical sites considered, the standardized scale routinely used by occupational physicians for the detection of MS [37] .
The following anatomical sites were studied: neck, shoulder/arm, elbow/forearm, hand/wrist, upper back, lower back, hip/thigh, knee/lower leg and ankle/foot.
Two definitions of MS were used in this article:
presence of symptoms during the past 12 months by site; presence of symptoms lasting at least 30 days (prolonged) during the past 12 months by site.
For bilateral anatomical sites, MS were classed as present if they were reported on either or both sides of the body.
In results presented by anatomical region (axial, upper limb and lower limb), the neck was considered to be part of the upper limb. The presence of MS in an anatomical region for at least 30 days corresponded to presence in at least one site within the region for at least 30 days.
Multisite MS are defined by the presence of symptoms affecting more than one anatomical site on 9 studied sites.
Statistical analysis
Classical statistical analyses were performed using SPSS software (v15; SPSS Inc., Chicago, IL, USA). All analyses were performed separately in men and women. The statistical unit was the individual, prevalence rates were calculated by dividing the number of subjects reporting symptoms (unilateral or bilateral) for the site of interest over the total number of responding subjects together with the 95% confidence intervals. Categorical data were compared with the Chi-square test or Fisher's exact test and a Mantel-Haenszel extension of the chi-square test for trend was used to test a linear trend. The limit of significance was 0.05.
Results
The study population comprised 3,710 workers (2,162 men (58%), 1,548 women (42%), mean age: 38.4, SD: 10.4 years) out of 184,600 (2.0% sample) workers examined by the 83 OPs. Subjects mainly worked in service industries (59%), meat and manufacturing industries (34%), and more rarely in the construction (6%) and agriculture (1.5%) sectors. Men were mainly skilled and unskilled blue collar workers (56%), in intermediate occupations and technicians (25%), and managers and professionals (10%). Most women were low-grade white collar workers (52%), skilled and unskilled blue collar workers (24%), and in intermediate occupations and technicians (19%). Most workers, regardless of gender, presented a long service in the current job: more than ten years in 56% of cases, more than two years in 84% of cases and more than one year in 94% of cases.
Prevalence of musculoskeletal symptoms (MS)
A total of 3,109 workers reported at least one MS affecting the limbs and/or spine during the past 12 months (1,811 men and 1,298 women). The corresponding prevalence rates were 83.8% with 95% confidence interval of [82. 8- The other most frequent sites of MS were the neck, shoulder and wrist in men and women, the upper back in women and the knee or lower leg in men with significant differences (for MS over the past 12 months and MS lasting at least 30 days over the past 12 months) between the two sexes (with the exception of the knee or lower leg) ( Table 1) .
Prevalence of multisite MS
Two-thirds of workers reported the presence of MS involving more than one anatomical site ( Slightly less than one third of workers reported MS involving four or more anatomical sites (27.3% of men and 34.0% of women), and 10% reported MS involving six or more sites (8.2% of men and 12.7% of women).
Slightly less than 20% of workers reported MS lasting at least 30 days in more than one anatomical site (Table 3) The prevalence of MS affecting two to four anatomical sites was three to twelve times more common than prevalence of MS affecting only one site in workers who reported musculoskeletal symptoms at a given anatomical site whatever it is ( Figure 1 ).
More than 80% of MS lasting at least 30 days involving the upper back, hip, neck and elbow were associated with other MS (multisite MS). MS lasting at least 30 days involving the knee or lower leg, lower back and ankles were more frequently isolated (1/4 to 1/3 of cases).
The prevalence of multisite MS increased slightly but significantly with increasing age (test for linear trend: p = 0.001 for the men and p < 0.0001 for the women, Table 2 ). For the prevalence of multisite MS lasting at least 30 days, we see a significant increase with increasing age: slight for the men (test for linear trend: p < 0.0001, Table 3 ) but more marked for the women (test for linear trend: p < 0.0001, Table 3 ).
For the women, the prevalence of multisite MS was associated with the occupational category (p = 0.006, Table 2 ), we see a prevalence more raised for skilled and unskilled workers versus associate professionals and technicians.
The prevalence of multisite MS lasting at least 30 days was associated with the occupational category for the men and women (Table 3) with, for the men, a slightly lower prevalence for the managers and professionals Significant differences between men and women: * p < 0.01, ** p < 0.0001. Significant differences between men and women: * p < 0.01, ** p < 0.0001. Significant differences among men: } p < 0.01, }} p < 0.0001. Significant differences among women:
(p = 0.013) and, for the women, a higher prevalence for skilled and unskilled workers (p = 0.052). Furthermore, for the women, we also observe a significant association between prevalence of multisite MS lasting at least 30 days and the activity sector with a higher prevalence for the meat and manufacturing industries versus the service industries (p = 0.026, Table 3 ).
MS by anatomical region
The anatomical regions most frequently involved were the axial and upper limb regions with a prevalence of MS lasting at least 30 days over the past 12 months of 18 to 23% (Table 4) . About one quarter of subjects (Table 5) reported the presence of MS involving a single anatomical region during the past 12 months (25.7% of men and 21.9% of women), usually involving axial regions in men (45.4% of symptoms localized to one region) and the upper limb in women (54.3% of symptoms localized to one region).
One-third of subjects (31.3% of men and 34.2% of women) reported the presence of MS involving two anatomical regions during the past 12 months (axial and upper limb for 2/3 of them) and 27.2% reported disorders involving the three anatomical regions studied: axial, upper limb and lower limb.
Nine to 12% of subjects reported the presence of MS in two anatomical regions for at least 30 days (Table 6 ) with a predominance of symptoms affecting the axial and upper limb regions (51.3% of symptoms localized to two regions).
More than 90% of multisite MS concerned two or three anatomical regions (91.9% for men and 90.6% for women).
Almost 80% of multisite MS lasting at least 30 days involved two or three anatomical regions (77.0% for men and 77.7% for women).
Discussion
Main results
This study presented analyses of the prevalence of multisite MS over a 12-month period in a general population of workers and described both the type and extent of other associated MS.
The main results of this study are:
The frequency and extent of multisite MS were considerable in this population (2/3 with multisite MS with more than 90% of these multisite MS involving more than one anatomical region); Although multisite MS were significantly more frequent in women (68.3%), they were also very frequent in men (63.2%); The prevalence of multisite MS lasting more than 30 days was very high (17.1% men and 22.4% of women) and these symptoms were widespread (80% of these multisite MS involved more than one anatomical region). Significant differences between men and women: * p < 0.01, ** p < 0.0001. Significant differences among men: } p < 0.01, }} p < 0.0001. Significant differences among women:
† p < 0.01, { p < 0.0001. # Estimation of CI with Fisher's exact method (np or nq < 5).
Methodological considerations
One of the strong points of this study is the large sample size (3,710 workers) and the representativity of the study population. The fact that all workers in France, including part-time or temporary workers, are submitted to an annual health check-up by an occupational physician in charge of the medical surveillance of a group of companies confirms that the recruitment of this study, based on a network of occupational physicians, is relevant to study the target population although farmers and selfemployed workers, rarely followed by occupational physicians, would be underrepresented in this study. The representativity of the study sample compared to the population of the region and to the French population Table 4 Prevalence (%) and 95% confidence intervals (CI) of musculoskeletal symptoms in various anatomical regions during the past 12 months among men and women has already been detailed in a previous article [34] : Comparison of their socio-economic status with the last available French census (1999, http://www.insee.fr), the distribution of occupations showed no major differences for either gender with the regional workforce, except for the few occupations not surveyed by OPs (e.g., shopkeepers and self-employed workers). The use of a self-administered questionnaire introduces a reporting bias inherent to this type of data collection leading probably to an over-estimation of recent and more serious musculoskeletal symptoms [38] . Furthermore, some individuals might have a tendency to report any symptoms, whereas others not report similar symptoms [39] . However, we have collected no information on the personality traits which could influence reporting patterns of symptoms. The standardized Nordic questionnaire [38] or derived questionnaires are commonly used in epidemiological studies on musculoskeletal disorders in the workplace or in the general population. The sensitivity and repeatability of this questionnaire are good and this questionnaire is likely to have a high utility in screening and surveillance [40] [41] [42] [43] [44] [45] [46] . The French version of this questionnaire [47] has a good sensitivity (100%) and moderate specificity (51%) in comparison with the physical examination of the upper limbs, according to the study of Descatha and al [48] .
Lastly, this cross-sectional study cannot provide any information about the chronology and course of the symptoms described.
Prevalence of MS
Estimated prevalences of MS reported in the literature vary considerably from one study to another, as they are highly dependent on the definition of musculoskeletal symptoms (types of symptoms, duration of symptoms and exposure period considered), the populations interviewed and the context of the study.
However, the results of this study are fairly concordant with those reported in the literature and the general knowledge on this subject. The prevalence of MS observed in this study (about 84%) is similar to the prevalence of 87% reported in several similar studies [11, 13, 20] .
The results concerning the prevalence of MS by anatomical site over a 12-month period are also globally consistent with published data.
In a review of the literature [49] , the prevalence of low back symptoms over a 12-month period was between 39 and 67%. The prevalence of 57% observed in the present study was therefore perfectly consistent with this range, as well as the estimations published in other studies [15, 21, 23, 24] . The prevalence of MS of the upper back (26%) is also concordant with data of the literature (prevalences ranging from 6 to 33% [15, 22, 24] ), as are the prevalences of MS of the elbow (17%, 6 to 21% in the literature [15, [22] [23] [24] ), hand (25%, 8 to 38% in the literature [15, 18, [22] [23] [24] ) and hip (17%, 6 to 32% in the literature [15, 22, 24] ).
Published data on the prevalence of MS over a 12-month period in other sites are more heterogeneous [15, 18, 19, [22] [23] [24] . However, the estimated prevalences reported in the present study are consistent with published data, but are situated in the low range for the ankles or feet (15% in our study and 7 to 27% in the literature) and in the high range for the neck (40% in our study and 17 to 48% in the literature), shoulder (36% in our study and 19 to 39% in the literature) and knee or lower leg (28% in our study and 11 to 26% in the literature).
Prevalence of multisite MS
The multisite MS described in this study were slightly more frequent and more extensive than those reported in the general population (50% of multisite MS and only 20.6% with MS in 4 or more sites) in the study by Picavet et al. [15] . When we compare the prevalence of multisite MS by sex and age group, we observe in our study in working population that the prevalences were on average twice as high that those observed in the study of Picavet in general population. In contrast, Kamaleri [11] [12] [13] [14] reported more frequent and more extensive multisite MS in a general population cohort (75.4% of multisite MS and 37.5% with MS in 5 or more sites). However, Kamaleri et al. studied an additional anatomical site, the head, for which more than 30% of the population reported symptoms. This can probably explain the higher prevalence reported by Kamaleri and al. This anatomical site was not taken into account in this study, as head symptoms do not constitute a work-related MS.
High prevalences of multisite musculoskeletal pain are commonly found in many countries, but the precise [50] . These results are not comparable because the health problems taken into account by both studies are not strictly identical. Despite this limit, this result of the WMHS illustrate that the problem of the painful symptoms is globally comparable in the French population than in other high income countries. Our data concerning the number of anatomical sites of MS differ from those reported by some studies conducted in working populations [18, 20, 23] , as these studies targeted specific populations and only considered a limited number of sites (4 to 7 sites).
Yeung [24] reported similar frequencies of multisite MS in men workers (63.4%) to those reported in this study (63.9% for men workers), but, as in the study by Kamaleri, these symptoms were more widespread (22.7% with MS in 5 or more sites).
Although Haukka [20] only studied pain experienced during the past three months, he reported similar prevalence of MS (73% among female kitchen workers versus 75.6% for female workers in this study) and similar regional distribution of MS to that observed in this study.
Prevalence of MS lasting at least 30 days
The estimated prevalences of MS lasting at least 30 days presented in this study are concordant with published data [18, 51, 52] and clearly confirm the importance of these subacute or chronic symptoms.
Multisite MS lasting at least 30 days among nurses, office workers and postal clerks in Crete were more frequent (1/3 versus, in our study, 15.8% for men and 20.9% for women in the service industries), but less widespread (only 4% with MS lasting at least 30 days in 4 or more sites), in the study by Solidaki [23] .
In our study, MS lasting at least 30 days involving the knee or lower leg and lower back were often isolated. Conversely, MS lasting at least 30 days involving the upper back, hip and elbow, relatively uncommon in our study, were usually associated with other MS. This observation underlines that multisite MS do not necessarily correspond to the most frequent MS and suggests the existence of anatomical associations specific to multisite MS.
Comparison between men and women
In this study, as in several previously published studies [21, 23, 33, 53] , 12-month prevalences were significantly higher in women for MS of the neck (+15%) and wrist (+8%). Twelve-month prevalences were also significantly higher in women than men for MS of the upper back (+11%) and shoulder (+5%), but were significantly lower for the lower back (−5%).
Significant differences, relatively moderate (4 to 6%), were also observed for MS lasting at least 30 days (with the exception of the lower back).
These findings are consistent with the observed differences in the prevalence of multisite MS: multisite MS were significantly more frequent in women (+5%), in agreement with the literature. This could reflect not only a higher tendency in women than men to report pain at multiple sites [54] , but also a higher burden of disease among women [55] . The sites mostly frequently involved in women (neck, shoulder, wrist and upper back) also corresponded to the sites most frequently associated with others MS (i.e. multisite MS). On the other hand, MS of the lower back, less frequent in women, often corresponded to localized MS.
Nevertheless, multisite MS were also reported by a considerable proportion of men, including widespread MS (MS involving 5 or more sites).
Recent studies have specifically investigated differences between men and women [56, 57] . Messing et al. demonstrated that gender was an independent risk factor for neck and lower limb pain even after adjustment for all of the identified personal and work-related risk factors. The proposed explanations for the impact of gender included different exposures and working conditions (even within the same type of job), an interaction between gender and personal factors, as well as biological and psychological differences. Silverstein et al. also reported higher prevalence rates of declared MS in women, but few differences in terms of diagnosed musculoskeletal disorders. Furthermore, in this last study, independent personal risk factors associated with MS of the wrist were more advanced age, presence of comorbidities and a high body mass index for women, while only more advanced age was an independent risk factor for men.
Perspectives
Several studies have demonstrated a poorer state of health [11, 30, 58] associated with these multisite MS, especially in terms of sleep [11, 58] , comorbidities (other MS or vascular diseases) [59] , functional capacity [12, 15, 17, 58, 60] and quality of life [30, 60] , and a poorer occupational prognosis [14, 22, 61, 62] . The risk associated with these multisite symptoms increases with the number of sites affected, even after adjustment for the other identified risk factors [11] [12] [13] [14] 22] .
The presence of regional or widespread MS has also been reported to be significantly correlated with excess mortality compared to subjects not experiencing MS, with an excess mortality of about 20% for regional pain (excess cancer mortality) and 30% for WSP (excess cancer and cardiovascular mortality), after adjustment for age, gender and ethnic group [63] .
In this study, the presence of multisite MS was associated with the female gender and advanced age. However, the whole working population was concerned since the prevalence of the multisite MS lasting at least 30 days for the younger age group was not negligible (9% in men and 12% in women). The prevalence of multisite symptoms was little influenced by occupational categories and activity sector. So, these results do not allow the identification of specific risk groups to target future interventions of prevention.
Conclusions
This study confirms the importance of multisite MS, including symptoms lasting at least 30 days. In view of the poor prognosis associated with these multisite MS, further research must be conducted on this subject in order to more clearly identify the various profiles of multisite MS and their determinants.
